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TITLE OF THE INVENTION 

Semiconductor Device 

BACKGROUND OF THE INVENTION 
5 Field of the Invention 

The present invention is directed to a structure of a semiconductor device. 
More particularly, it is directed to a structure of a power semiconductor device used for 
power control. 

10 Description of the Background Art 

Fig. 10 is a cross-sectional view schematically showing the structure of a power 
semiconductor device in the background art. The power semiconductor device in the 
background art includes power elements 1, a base plate 13, an insulating substrate 4, a 
case 27 having electrode terminals 22 attached thereto and a cover 28. 

15 The insulating substrate 4 consists of a ceramic substrate 6 made of alumina, 

aluminum nitride or silicon nitride, for example, and metal layers 5, 7 formed on both 
surfaces of the ceramic substrate 6. The power element 1 is joined onto the metal layer 
5 through solder 19. Further, a circuit pattern is formed on the metal layer 5. The base 
plate 13 made of copper or the like acts as a heat sink for heat dissipation. The metal 

20 layer 7 of the insulating substrate 4 is joined onto the base plate 13 through solder 20. 
The power element 1 and the insulating substrate 4 are so contained in the case 27 that 
the base plate 13 has an exposed surface opposite to the surface thereof for forming the 
insulating substrate 4. 

The power element 1 is connected to the electrode terminal 22 inside the case 

25 27 and to the circuit pattern on the metal layer 5 through aluminum wires 8. The case 27 
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is filled with a silicon gel 25 to cover the power element 1, the insulating substrate 4 and 
the base plate 13. An upper portion of the case 27 is sealed with an epoxy resin 26. 
Further, the cover 28 is attached to the case 27. Although not shown in Fig. 10, an 
external heat dissipator may be provided to the surface of the base pate 13 exposed from 
5 the case 27. 

One of the electrode terminals 22 drawn to an outside of the case 27 is provided 
with a screw hole 24. This electrode terminal 22 is arranged in such a position that a 
center of a nut 29 for attaching electrode and a center of the screw hole 24 coincide with 
each other. An electrode terminal of an external device (not shown) is arranged on the 

10 electrode terminal 22 and a screw (not shown) is inserted in the screw hole 24 from the 
outside of the case 27. The screw is thereby threadedly engaged with the nut 29 buried 
in the case 27 for attaching electrode to establish connection and fixation of the electrode 
terminal of the external device to the electrode terminal 22. 

In the power semiconductor device according to the background art, heat 

15 generated at the power element 1 is dissipated to the outside from the external heat 
dissipator (not shown) through the solder 19, the insulating substrate 4, the solder 20 and 
the base plate 13. The base plate 13 and the external heat dissipator are made of copper 
and the like having a heat conductivity of about 380 W/mK. The heat conductivity of 
the solders 19 and 20 ranges from 20 to 30 W/mK. The insulating substrate 4 consisting 

20 of the metal layers 5, 7 and the ceramic substrate 6 has a heat conductivity determined 
mainly by the heat conductivity of the ceramic substrate 6 to range from 20 to 1 80 W/mK. 
That is, the solders 19, 20 and the insulating substrate 4 have conductivities that are lower 
than the heat conductivities of the base plate 13 and the external heat dissipator by a large 
degree. Further, as the solders 19, 20 and the insulating substrate 4 are arranged directly 

25 under the power element 1, areas in each of these elements through which heat generated 
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by the power element 1 passes are approximately the same as the area of the power 
element 1. For this reason, the solders 19, 20 and the insulating substrate 4 become 
major obstruction to heat conduction. 

Alumina is the material of a high frequency of use for the ceramic substrate 6. 
5 Alternatively, another material such as aluminum nitride may be used in some cases 
having a heat conductivity higher than that of alumina for improvement in heat 
conduction of the insulating substrate 4. However, as aluminum nitride is more costly 
than alumina, increase in material cost has been caused. 

10 SUMMARY OF THE INVENTION 

A first aspect of the present invention is directed to a semiconductor device, 
comprising: a semiconductor element having an electrode; a metal block having a first 
surface and a second surface opposite to the first surface; an electrode terminal jointed to 
the first surface of the metal block; and a ceramic substrate jointed to the second surface 

15 of the metal block and having metal layers formed on both surfaces, wherein the 
semiconductor element and the electrode are joined to the first surface of the metal block 
through a jointing material. 

According to a second aspect of the present invention, in the semiconductor 
device according to the first aspect, the metal layers formed on the both surfaces of the 

20 ceramic substrate are the same with each other in thickness. 

According to a third aspect of the present invention, in the semiconductor 
device according to the first or second aspect, the semiconductor element includes a 
plurality of semiconductor elements; the metal block and the ceramic substrate are 
separated per insulation unit of at least one of the plurality of semiconductor elements; 

25 one of the metal block and the ceramic substrate is provided to be in corresponding to at 
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least one of the plurality of semiconductor elements; and another one of the metal block 

and the ceramic substrate extends over all of the plurality of semiconductor elements for 

forming the insulation unit. 

A fourth aspect of the present invention is directed to a semiconductor device, 
5 comprising: a metal block having a first surface and a second surface opposite to the first 

surface; a semiconductor element jointed to the first surface of the metal block through a 

jointing material; a resin insulating layer having a third surface and a fourth surface 

opposite to the third surface, the third surface being joined to the second surface of the 

metal block; and a resin package for sealing the metal block and the semiconductor 
10 element, wherein the fourth surface of the resin insulating layer is exposed, and the resin 

insulating layer has an elasticity higher than that of the resin package. 

According to a fifth aspect of the present invention, in the semiconductor 

device according to the fourth aspect, the resin insulating layer is made of a silicon resin 

including a ceramic material for filing the silicon resin. 
15 According to a sixth aspect of the present invention, in the semiconductor 

device according to the fourth or fifth aspect, the metal block is provided per insulation 

unit of the semiconductor element. 

According to a seventh aspect of the present invention, in the semiconductor 

device according to any one of the first to sixth aspects, the metal block includes a surface 
20 having a region larger than that of the jointing material on a side opposite to the jointing 

material. 

According to an eighth aspect of the present invention, in the semiconductor 
device according to any one of the first to seventh aspects, a gap between the metal block 
and the semiconductor element becomes wider as a distance from a center of the 
25 semiconductor element becomes longer, and the gap is filled with the jointing material. 
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In the semiconductor device according to the first aspect of the present 
invention, the metal block having a satisfactory heat conductivity is provided at a position 
closer to the semiconductor element for generating heat than a position of the ceramic 
substrate as the major obstruction to heat conduction. As a result, a satisfactory heat 
5 dissipation characteristic is obtained. 

Further, as the ceramic substrate is provided to the metal block, the ceramic 
substrate may be responsible for a dielectric breakdown voltage. As a result, the 
material for the jointing material can be selected in terms of heat conductivity without the 
need of considering dielectric breakdown voltage. 
10 The semiconductor device according to the first aspect has a further advantage 

in that as the electrode of the semiconductor element and the electrode terminal are 
connected through the metal block, reduction in power loss of the semiconductor device 
is realized. 

In the semiconductor device according to the second aspect of the present 
15 invention, the metal layers formed on both surfaces of the ceramic substrate have 
thicknesses equal to each other. Therefore, the amount of warping in the ceramic 
substrate can be reduced when the ceramic substrate is jointed to the metal block. For 
this reason, flatness of a contact surface of the ceramic surface to which an external heat 
dissipator may be attached can be increased, to thereby improve a heat dissipation 
20 characteristic. 

In the semiconductor device according to the third aspect of the present 
invention, the metal block and the ceramic substrate are provided per insulation unit of 
the semiconductor element. Therefore, a plurality of semiconductor elements can be 
provided to a single semiconductor device while electrical insulation among the 
25 semiconductor elements is maintained. 
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Further, as the semiconductor elements can be connected among one another 
using the metal block, wiring flexibility is increased. 

In the semiconductor device according to the fourth aspect of the present 
invention, the resin insulating layer has a satisfactory elasticity. Therefore, it is possible 
5 to reduce gap between the resin insulating layer and an external heat dissipator attached to 
the resin insulating layer, to thereby eliminate the necessity of coating with grease for 
heat dissipation. As a result, reduction in material cost and improvement in productivity 
and heat dissipation characteristic of the semiconductor device is realized. 

Further, the metal block having a satisfactory conductivity is provided at a 
10 position closer to the semiconductor element for generating heat than the position of the 
resin insulating layer as the major obstruction to heat conduction. As a result, a 
satisfactory heat dissipation characteristic is obtained. 

The semiconductor device according to the fourth aspect has a further 
advantage in that as the resin insulating layer is provided to the metal block, the resin 
15 insulating layer may be responsible for a dielectric breakdown voltage. As a result, the 
material for the jointing material can be selected in terms of heat conductivity without the 
need of considering dielectric breakdown voltage. 

In the semiconductor device according to the fifth aspect of the present 
invention, the resin insulating layer includes a ceramic powder having a satisfactory heat 
20 conductivity for filling the resin insulating layer. Therefore, it is possible to improve a 
heat dissipation characteristic. 

In the semiconductor device according to the sixth aspect of the present 
invention, the metal block is provided per insulation unit of the semiconductor element. 
Therefore, it is possible to maintain electrical insulation among each semiconductor 
25 element. 
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In the semiconductor device according to the seventh aspect of the present 
invention, the metal block includes a surface having a region larger than that of the 
jointing material. Therefore, heat from the semiconductor element can be diffused, to 
allow heat to pass through a material as the major obstruction to heat conduction within a 
5 larger area. As a result, a heat dissipation characteristic is improved. 

In the semiconductor device according to the eighth aspect of the present 
invention, as a gap between the metal block and the semiconductor element becomes 
wider as a distance from a center of the semiconductor element becomes longer, the 
thickness of the jointing material is greater in the periphery of the semiconductor element 
10 than the thickness at the center of the same. As a result, the amount of cracks can be 
reduced. 

It is an object of the present invention to provide a semiconductor device 
having an improved heat dissipation characteristic. 

These and other objects, features, aspects and advantages of the present 
15 invention will become more apparent from the following detailed description of the 
present invention when taken in conjunction with the accompanying drawings. 



BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a circuit diagram showing the semiconductor device according to a 
20 first preferred embodiment of the present invention; 

Fig. 2 is a plan view schematically showing a structure of the semiconductor 
device according to the first preferred embodiment of the present invention; 

Fig. 3 is a cross-sectional view showing the structure of the semiconductor 
device according to the first preferred embodiment o the present invention; 
25 Fig. 4 is a cross-sectional view showing a part of the structure of the 



semiconductor device according to the first preferred embodiment of the present 
invention in an enlarged manner; 

Fig. 5 is a perspective view from a surface of a metal block 3 on which a power 
element 1 is mounted; 

5 Figs. 6A and 6B are views showing conduction of heat generated at the power 

element 1 ; 

Figs. 7 and 8 are plan views showing modifications of the semiconductor 
device according to the first preferred embodiment of the present invention; 

Fig. 9 is a cross-sectional view schematically showing the structure of a 
10 semiconductor device according to a second preferred embodiment of the present 
invention; and 

Fig. 10 is a cross-sectional view schematically showing the structure of a power 
semiconductor device in the background art. 

15 DESCRIPTION OF THE PREFERRED EMBODIMENTS 
First Preferred Embodiment 

Fig. 1 is a circuit diagram showing a semiconductor device according to the 
first preferred embodiment. As shown in Fig. 1, the semiconductor device according to 
the first preferred embodiment consists of a three-phase inverter circuit, for example. 

20 More particularly, output terminals U, V and W may be connected to an AC motor. 
Input terminals P and N may be directly connected to a DC power supply or to an output 
of a power rectifier circuit for generating a DC voltage from a commercial power supply. 
A power element lp provided on the P side includes an IGBT lap and a diode lbp 
connected in inverse-parallel connection to the IGBT lap. A power element In 

25 provided on the N side includes an IGBT lan and a diode lbn connected in 



9 

inverse-parallel connection to the IGBT lan. The structure connecting the power 
element lp and the power element In in series is called as arm. The semiconductor 
device according to the first preferred embodiment includes three arms connected in 
parallel. Control terminals GUP, GUN, GVP, GVN, GWP and GWN are controlled so 
5 that each IGBT is turned on/off, to thereby control rotational motion of an AC motor. 
The elements including an electrode terminal 2b, a metal block 3, an insulating substrate 
4, metal layers 5, 7 and a ceramic substrate 6 to be described later will be designated 
hereinafter by the reference signs having no p or n at each end when distinction between 
the side of the P side and the N side is not necessary. 

10 Fig. 2 is a plan view schematically showing the structure of the semiconductor 

device according to the first preferred embodiment having the circuit configuration shown 
in the diagram of Fig. 1 . Fig. 3 is a cross-sectional view at an arrow A-A in Fig. 2 
showing the structure of the semiconductor device after a resin package is formed. 

As shown in Figs. 2 and 3, the semiconductor device according to the first 

15 preferred embodiment includes the power elements 1, electrode terminals 2a, 2b, 2c, the 
metal blocks 3, the insulating substrate 4 and a resin package 11. To encourage a clear 
understanding of the structure, the resin package 1 1 is not shown in Fig. 2. A region 21 
for forming the resin package 1 1 is shown instead. The electrode terminals 2a, 2b and 
2c are connected through a tie bar 12, which is cut after formation of the resin package 1 1 

20 to separate the electrode terminals from one another. 

Fig. 4 is a cross-sectional view showing a part B of Fig. 3 in an enlarged 
manner. Fig. 5 is a perspective view from the surface of the metal block 3 on which the 
power element 1 is mounted. As shown in Fig. 4, the IGBT la of the power element 1 
has one main surface for forming a collector electrode 50 and the other main surface for 

25 forming a gate electrode 5 1 and an emitter electrode 52. The IGBT la is mounted on the 
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metal block 3 through a jointing material 9 in such a way that the collector electrode 50 is 
in contact with the metal block 3. The metal block 3 is made of copper or the like, and 
the jointing material 9 is made of solder or conductive resin, for example. As shown in 
Figs. 4 and 5, the surface of the metal block 3 having the power element 1 mounted 
5 thereon has such a shape that a gap between the surface and the IGBT la mounted 
thereon becomes wider as the distance from the center of the IGBT la becomes; longer. 
As this gap is filled with the jointing material 9, the thickness of the jointing material 9 is 
greater in the periphery of the IGBT la than the thickness of the jointing material 9 at the 
center of the IGBT la. Although not shown, the diode lb has one main surface for 

10 forming a cathode electrode and the other main surface for forming an anode electrode. 
The diode lb is mounted on the metal block 3 through the jointing material 9 in such a 
way that the cathode electrode is in contact with the metal block 3. The surface of the 
metal block 3 having the diode lb mounted thereon has such a shape that a gap between 
the surface and the diode lb also becomes wider as the distance from the center of the 

15 diode lb becomes longer. 

The insulating substrate 4 consists of the ceramic substrate 6 made of alumina, 
aluminum nitride or silicon nitride, for example, and the metal layers 5, 7 formed on both 
surfaces of the ceramic substrate 6 and having thicknesses equal to each other. The 
ceramic substrate 6 has a thickness ranging from 0.3 to 1 .0 mm, for example. The metal 

20 block 3 and the insulating substrate 4 are provided per insulation unit of the power 
element 1. That is, the semiconductor device according to the first preferred 
embodiment includes metal blocks 3p, 3n and insulating substrates 4p, 4n provided with 
no dependence on the structure of arm but respectively provided to both of the P side and 
the N side. A metal layer 5p of the insulating substrate 4p is joined to the surface of the 

25 metal block 3p through a jointing material 10 opposite to the surface thereof for forming 
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the power element lp. A metal layer 5n of the insulating substrate 4n is joined to the 
metal block 3n in a same way as the metal layer 5p. The surface of the metal block 3 
opposite to the surface thereof for forming the power element 1 joined thereto has a 
region larger than the joint surface to the power element 1. The jointing material 10 is 
5 made of solder, for example. 

The electrode terminal 2a is attached to the surface of the metal block 3n 
having the power element 1 joined thereto through ultrasonic junction and the like. Due 
to this, the electrodes of the power element In joined onto the metal block 3n, namely, 
the collector electrode 50 of the IGBT lan and the cathode electrode of the diode lbn (not 

10 shown), are connected to the electrode terminal 2a through the metal block 3n. An 
electrode terminal 2bp is connected to the gate electrode 51 of the IGBT lap and an 
electrode terminal 2bn is connected to the gate electrode 51 of the IGBT lan through 
aluminum wires 8, respectively. The electrode terminal 2c is connected to the emitter 
electrode 52 of the IGBT lan and the anode electrode of the diode lbn through the 

15 aluminum wires 8. Further, the emitter electrode 52 of the IGBT lap and the anode 
electrode of the diode lbp are connected to the metal block 3n having the power element 
In joined thereto through the aluminum wires 8. 

The resin package 1 1 is made of an epoxy resin, for example, for sealing the 
power element 1, the electrode terminals 2a, 2b, 2c and the metal block 3 while the metal 

20 layer 7 of the insulating substrate 4 remains exposed. Although not shown in Fig. 3, an 
external heat dissipator may be provided to the exposed metal layer 7 of the insulating 
substrate 4. 

In the semiconductor device according to the first preferred embodiment having 
the structure described above, heat generated at the power element 1 is dissipated to the 
25 outside from the external heat dissipator (not shown) through the jointing material 9, the 
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metal block 3 and the insulating substrate 4. Figs. 6A and 6B are views showing 
conduction of heat generated at the power element 1 . Fig. 6A shows heat conduction in 
the semiconductor device in the background art described above and Fig. 6B shows heat 
conduction in the semiconductor device according to the first preferred embodiment. 
5 When the jointing materials 9 and 1 0 are made of solder, for example, heat conductivities 
of the jointing materials 9 and 10 are considered to be equal to those of the solders 19 and 
20. Moreover, when the metal block 3 is made of copper as the base plate 13, the heat 
conductivity of the metal block 3 is also considered to be equal to that of the base plate 13. 
In view of these factors, the jointing materials 9, 10 and the insulating substrate 4 having 

10 the conductivities lower than that of the metal block 3 are the major obstruction to heat 
conduction in the first preferred embodiment as in the power semiconductor device in the 
background art described above. 

As shown by a direction 30 of heat dissipation in Fig. 6 A, before passing 
through the base plate 13 having a satisfactory heat conductivity, heat generated at the 

15 power element 1 passes through the solders 19, 20 and the insulating substrate 4 that are 
the major obstruction to heat conduction in the power semiconductor device in the 
background art. Therefore, heat passes through the insulating substrate 4 within an area 
32 that is approximately the same as the area of the power element 1. In the 
semiconductor device according to the first preferred embodiment, on the other hand, 

20 heat generated at the power element 1 passes through the jointing material 9 which is one 
of the major obstruction to heat conduction and then through the metal block 3 having a 
satisfactory heat conductivity as shown by a direction 31 of heat dissipation in Fig. 6B. 
Next, heat passes through the jointing material 10 and the insulating substrate 4 that are 
the remaining major obstruction to heat conduction. Due to this, heat generated at the 

25 power element 1 is dissipated at the metal block 3 in a horizontal direction, namely, in a 
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direction perpendicular to a direction of thickness of the metal block 3, and then passes 
through the jointing material 10 and the insulating substrate 4. That is, heat passes 
through the insulating substrate 4 within an area 33 that is sufficiently larger than the area 
of the power element 1. 

5 In the semiconductor device according to the first preferred embodiment, while 

heat passes through the jointing material 9 as the major obstruction to heat conduction 
within an area that is approximately the same as the area of the power element 1, heat 
passes through the jointing material 10 and the insulating substrate 4 as the remaining 
major obstruction to heat conduction within an area sufficiently larger than the area of the 

10 power element 1. Therefore, as compared with the power semiconductor device in the 
background art, a heat dissipation characteristic can be improved in semiconductor device 
according to the first preferred embodiment. As a result, while the structure of the 
power semiconductor device in the background art requires aluminum nitride as the 
material for the ceramic substrate 6 to obtain a satisfactory heat dissipation characteristic, 

15 a heat dissipation characteristic comparable to that of the power semiconductor device in 
the background art can be obtained in the semiconductor device according to the first 
preferred embodiment by using alumina less costly than aluminum nitride as the ceramic 
substrate 6. For this reason, it is possible to provide a customer with a semiconductor 
device having excellence in cost efficiency. 

20 Thermal stress is caused in the jointing material 9 due to a difference in linear 

expansion coefficient between the metal block 3 and the power element 1, to thereby 
cause distortion in the jointing material 9. As a distance from the center of the power 
element 1 becomes longer, this thermal stress becomes stronger. Therefore, cracks are 
likely to occur in the jointing material 9 from the four corners of the power element 1. 

25 Further, as the jointing material 9 increases more in thickness, distortion to be caused in 
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the jointing material 9 is decreased per unit thickness. In the first preferred embodiment, 
as the thickness of the jointing material 9 is greater in the periphery of the power element 
1 than the thickness of the same at the center of the power element 1, the amount of 
cracks can be reduced. 

5 As the metal block 3 and the insulating substrate 4 are provided per insulation 

unit of the power element 1, electrical insulation among each power element 1 can be 
maintained. 

As the metal layers 5 and 7 of the insulating substrate 4 have the thicknesses 
equal to each other, the amount of warping in the insulating substrate 4 can be reduced 

10 when the insulating substrate 4 is jointed to the metal block 3. For this reason, flatness 
of a contact surface of the insulating substrate 4 with the external heat dissipator (not 
shown) can be increased, to thereby improve a heat dissipation characteristic. 

Further, the power element 1 is sealed with the case 27, the cover 28, the silicon 
gel 25 and the epoxy resin 26 in the power semiconductor device in the background art. 

15 The power element 1 is sealed only with the resin package 11 in the semiconductor 
device according to the first preferred embodiment. Therefore, reduction in material 
cost and manufacturing cost is realized. 

Moreover, a large current flows through the metal layer 5 of the insulating 
substrate 4 and the aluminum wires 8 in the power semiconductor device in the 

20 background art. The thickness of the metal layer 5 ranges from 0.2 to 0.3 mm, for 
example, and the diameter of the aluminum wires 8 ranges from 0.2 to 0.5 mm, for 
example. In the semiconductor device according to the first preferred embodiment, 
while a current partially flows through the aluminum wires 8, a large current flows 
through the metal block 3 and the electrode terminal 2a directly connected to the metal 

25 block 3. The thickness of the metal block 3 ranges from 1.0 to 5.0 mm, for example, 
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and the thickness of the electrode terminal 2a ranges from 0.5 to 1.2 mm, for example. 
As the metal block 3 and the electrode terminal 2a have thicknesses greater than those of 
the metal layer 5 and the aluminum wires 8 in the background art, electric resistance of 
the semiconductor device as a whole is lowered. Therefore, power loss of the 
5 semiconductor device can be reduced. 

In Fig. 2, the emitter electrode 52 of the IGBT lap mounted on the metal block 
3p is connected to the metal block 3n through the aluminum wires 8 to thereby establish 
connection between the emitter electrode 52 and the collector electrode 50 of the IGBT 
lan mounted on the metal block 3n. As the metal block 3 is provided per insulation unit 

10 of the power element 1, the metal block 3 is applicable to perform wiring of the 
aluminum wires 8. Therefore, wiring flexibility of the aluminum wires 8 is increased. 

In the first preferred embodiment, the metal block 3 and the electrode terminal 
2a are separately provided and connected to each other through ultrasonic junction. 
Alternatively, the metal block 3 and the electrode terminal 2a may be integrally formed 

15 from a copper strip having different thicknesses. Further, connection between the metal 
block 3 and the electrode terminal 2a is established through ultrasonic junction in the first 
preferred embodiment. Alternatively, this connection may be established through solder 
and conductive resin. Further alternatively, it can be mechanically established with 
screws. 

20 In the first preferred embodiment, the jointing material 9 is defined to have a 

great thickness in the periphery of the power element 1 mounted on the metal block 3 so 
as to relieve the thermal stress to be caused in the jointing material 9. The amount of 
cracks to occur in the jointing material 9 can be reduced as well by using molybdenum, 
copper-molybdenum alloy, copper-tungsten alloy, a composite of SiC and aluminum and 

25 the like as the metal block 3 each having a relatively satisfactory heat conductivity and a 
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low linear expansion coefficient. 

Figs. 7 and 8 are plan views showing modifications of the semiconductor 
device according to the first preferred embodiment. As shown in Fig. 7, the insulating 
substrate 4p is provided to extend over all power elements lp of the P side Here, similar 
5 to the metal blocks 3n of the N side, the metal block 3p of the P side may be separated per 
power element lp in the semiconductor device according to the first preferred 
embodiment. At this time, the collector electrodes 50 of each IGBT lap are electrically 
connected to each other through the metal layer 5p of the insulating substrate 4p. As 
shown in Fig. 8, the metal block 3p is provided to extend over all power elements lp of 

10 the P side. Here, similar to the insulating substrates 4n of the N side, the insulating 
substrate 4p of the P side may be separated per power element lp in the semiconductor 
device according to the first preferred embodiment. At this time, the collector electrodes 
50 of each IGBT lap are electrically connected to each other through the metal block 3p. 
That is, the metal block 3 and the insulating substrate 4 are separated per insulation unit 

15 of at least one of the power elements 1. When the insulating substrate 4 is provided to 
extend over all power elements 1 for forming insulation unit thereof, a plurality of metal 
blocks 3 each corresponding to at least one power element 1 may be provided. When 
the metal block 3 is provided to extend over all power elements 1 for forming insulation 
unit thereof, a plurality of insulating substrates 4 each corresponding to at least one power 

20 element 1 may be provided. 

Second Preferred Embodiment 

Fig. 9 is a cross-sectional view schematically showing the structure of a 
semiconductor device according to the second preferred embodiment. The 
semiconductor device according to the second preferred embodiment basically differs 
25 from the semiconductor device according to the first preferred embodiment described 
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above in that a resin insulating layer 14 is substituted for the insulating substrate 4. 

As shown in Fig. 9, the semiconductor device according to the second preferred 
embodiment includes the power elements 1, the electrode terminals 2a, 2b, 2c, the metal 
blocks 3, the resin insulating layer 14 and the resin package 11. The metal block 3 for 
5 forming the power element 1 mounted thereon is provided per insulation unit of the 
power element 1. The resin insulating layer 14 is provided to the surface of the metal 
block 3 opposite to the surface thereof for forming the power element 1 and extends over 
all metal blocks 3. Namely, a plurality of metal blocks 3 are mounted on the resin 
insulating layer 14. The resin insulating layer 14 is formed by mixing a ceramic powder 
10 as a filler into a silicon resin, for example. A kind of material such as silica, especially 
crystalline silica, alumina, aluminum nitride, silicon nitride and boron nitride or a mixed 
powder formed by mixing these materials together is applicable as a ceramic powder. 
The resin insulating layer 14 is defined to have a thickness of 0.2 to 0.5 mm, for example. 

The resin package 1 1 is made of an epoxy resin, for example, for sealing the 
15 power element 1, the electrode terminals 2a, 2b, 2c and the metal block 3 while the resin 
insulating surface 14 remains exposed. Although not shown, an external heat dissipator 
may be provided to the exposed surface of the resin insulating layer 14. In the second 
preferred embodiment, the power element 1 and other elements are sealed with the resin 
package 11 after the resin insulating layer 14 is provided to the metal block 3. 
20 Alternatively, the power element 1 , the electrode terminals 2a, 2b, 2c and the metal block 
3 may be sealed with the resin package 1 1 while the surface of the metal block 3 opposite 
to the surface thereof for forming the power element 1 remains exposed, to thereafter 
form the resin insulating layer 14 for covering the exposed surface of the metal block 3 
and the resin package 11 in the periphery of the exposed surface. As the other 
25 configurations of the semiconductor device according to the second preferred 
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embodiments are the same as those of the semiconductor device according to the first 
preferred embodiment, the description thereof is omitted here. 

According to the structures of the background art and the first preferred 
embodiment, the semiconductor device and the external heat dissipator fail to be in close 
5 contact with each other due to warping or flexure in the base plate 13 for holding the 
external heat dissipator and in the insulating substrate 4, or warping or flexure in the 
external heat dissipator. Therefore, a gap between the semiconductor device and the 
external heat dissipator is generated. Moreover, when a part of the resin package 1 1 
made of an epoxy resin as well as the insulating substrate 4 has the external heat 

10 dissipator attached thereto in the first preferred embodiment, a gap may be generated for 
the same reason. As the gap between the semiconductor device and the external heat 
dissipator is the cause for degeneration of a heat dissipation characteristic, it is desirable 
to coat the gap with grease for heat dissipation in the structures of the background art and 
the first preferred embodiment. As a silicon resin is used as the resin insulating layer 14 

15 for holding the external heat dissipator, the second preferred embodiment does not 
require grease for heat dissipation. 

More particularly, as a silicon resin generally has an elasticity higher than that 
of a metal or an epoxy resin, stress that is caused during attachment of the external heat 
dissipator to the resin insulating layer 14 results in deformation of a silicon resin. The 

20 gap between the semiconductor device and the external heat dissipator can be thereby 
reduced. For this reason, a heat dissipation characteristic can be improved even when 
the amount of coating with grease for heat dissipation is reduced. In some cases, coating 
with grease for heat dissipation may be unnecessary. As a result, reduction in material 
cost and improvement in productivity is realized. 

25 Grease for heat dissipation has a heat conductivity ranging from 1 to 2 W/mK 
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that is lower than that of a metal. Due to this, grease for heat dissipation itself may be 

major obstruction to heat conduction. However, as the amount of coating with grease 

for heat dissipation is reduced, a heat dissipation characteristic can be improved in the 

second preferred embodiment. The second preferred embodiment employs a silicon 
5 resin as the material for the resin insulating layer 14. Alternatively, a resin having 

elasticity and insulation equal to those of a silicon resin such as polyurethane rubber and 

fluoro rubber may be applicable to achieve the same effects. 

Further, the resin insulating layer 14 is filled with a ceramic powder having 

excellence in heat conductivity. Therefore, the semiconductor device according to the 
10 second preferred embodiment has an improved heat dissipation characteristic as 

compared with the semiconductor device including a resin insulating layer having no 

ceramic powder for filling the same. 

While the invention has been shown and described in detail, the foregoing 

description is in all aspects illustrative and not restrictive. It is therefore understood that 
15 numerous modifications and variations can be devised without departing from the scope 

of the invention. 



